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Dear Sir: 

I, J. Christopher Grimaldi, declare and state as follows: 



1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached , to 
and forms part ofthis Declaration (Exhibit A). T 

3 . I joined Genentech m January of 1 999. From 1 999 to 2003, 1 directed the Clonmg 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples ofnormal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PGR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidiirai 
bromide staining of PGR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are usefiil for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if ftirther 
information is desired. 



8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and farther that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Gode and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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Facilities 

Manager Corixa, Redwood City; 5/89 -7/91. 

Directed plant-related activities, which included expansion planning, mamtenance safety 
purchasing, mventory contiol, shipping and receiving, and laboratory management. Desimed 
and implemented the safety program. Also served as Uaison to regulatory agencies at tiie local 
s^ate and federa^ level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contiacts and directed die purchasing departinent. Trained and supervised 
personnel to carry out the above-mentioned duties. 
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SRA Umversity of CaUfomia, San Francisco 

Cancer Research Institute; 2/87-4/89. 

Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of t(5;14), t(ll;14), and t(8;14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5:14) 
translocation in leukemia patients.. ~ * 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
JLeukeroia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 



By J. Christopher Grimaldi and Timothy C. Meeker 



Ofiromosomal translocations have proven to be Important 

nriarkers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-oncogenes. We have stud- 
ied a case of B-llneage acute lymphocytic leukemia (ALL) 
tHat was associated with peripheral blood eosinophilla. The 
cfiromosomal translocation t(6;14) (q31;q32) from this 
sample was cloned and studied at the molecular level. This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomai 
translocations. Some of these translocations juxtapose the 
irnmunoglobuiin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA (N) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hind WU EcoHl and Sau3A restriction 
digests. The rearranged bands are less Intense than the other 
bands because the majority of cells In the sample represent normal 
bone marrow elements. 



translocation Joined the immunoglobulin heavy chain join- 
ing (Jh) region to the promotor region of the interieukin-3 
(IL-3) gene In opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the Immunoglobulin heavy chain gene may play 
a central role In the pathogenesis of this leukemia and the 
associated eosinophilla. 
© 1989 by Grune & Stratton, Inc, 

protooncogenes, such as c-myc and bcl-iy In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenolype, associated 
eosinophilia in the peripheral blood, and a t(5;14){q31;q32) 
chromosomal translocation.'*^ This syndrome probably 
occurs in <l% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the inter leuldn-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q3I;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made,' Briefly, 
10 Mg of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrpphoresed on a 0.8% 
Igtfbse'^l. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported.* 
Genomic library. The genomic library was made using pub- 
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lishcd methods.* Approximately 100 ng of high mol wt genomic 
DNA were partially digested with the 5au3A restriction enzyme. 
Fragments from 9 to 23 kilobases (kb) in size were isolated on a 
sucrose gradient and ligated into phage EMBL3A (Strategcnc, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported,* 

DNA sequencing. Fragments for sequencing were cloned into 
Kf 13 vectors and sequenced by the chain termination method using 
Sequenase (United States Biochemical, Cleveland).' All sequence 
data were derived from both strands. 

RESULTS 

Wc studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophiiia. Karyotypic 
analysis showed the characteristic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL.*^ 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were p(«itive for Bl (CD20), 
B4 (CD19), cALLA (CDIO), HLA-DR, and terminal 
deoxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage.' 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoKl, Hindllh Ssth Sau3A, and EcoKl plus HindlU 
restriction digests, suggesting rearrangement of one allele 
(F;ig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5,14)(q31;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The EcoRh HindlU/ EcoRl, and Sstl 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no, 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously, the gene encoding hematopoietic'' 
growth factor IL-3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene.'"" When the restriction map of human IL-3 and clone 
no. 4 were conipared, they were identical for more than 3 kb 
(Fig2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEll/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RN A of the IL-3 gene. The break in the IL-3 gene 
occurred in the promoter region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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T(6; 14) CHROMOSOMAL TRANSLOCATION 

3A.). The break in the IgH gene occurred 2 bp upstream of 
the Jh4 region. Between the two breaks, 25 bp of uncertain 
origin (putative N sequence) were inserted."'*^ No sequences 
homologous to the immunoglobulin heptamer and nonamer 
could be identified in the IL-3 sequence (Fig 3B). Therefore, 
nucleic acid sequencing confirmed the juxtaposition of the 
IL-3 gene and the IgH gene. The sequence data clearly 
shoved that the genes were positioned in opposite transcrip- 
tional orientations (head-to-head). 

Available data also allowed us to determine the normal 
positions of the IL-3 gene and the GM-CSF gene in relation 
to the centromere of chromosome 5 (Fig 4). The IgH gene is 
kit own to be positioned with the variable regions toward the 
telomere on chromosome I4q.^** It has also been shown that 
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GM-CSF maps within 9 kb of IL-3 in the same transcrip- 
tional orientation.*^ Using this information and assuming a 
simple translocation event in our sample, we can conclude 
that the IL-3 gene is normally more centromeric, and the 
GM-CSF gene more telomeric on chromosome 5q (Fig 4). 
Furthermore, both are transcribed with their 5' ends toward 
the centromere. 

DISCUSSION 

In this report we have cloned a unique chromosomal 
translocation that appears to be a consistent feature of a rare, 
yet distinct, clinical form of acute leukemia. This transloca- 
tion joined the promoter of the IL-3 gene to the IgH gene. 
Except for the altered promotor, the IL-3 gene appeared 
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5 • TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 
B Ig Jh4 3 , ACCGGGGTCATCAGTTTCATC AGTGTAMACCCTCCGGGGTAATTCCCCACGTGTTTTTGGACTGAGAG 

++++++++++++++++++++++ 

5 • TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTC ATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
• * ^ 3 • ^^rrnnr-rpr&rrr^CTTTrATr ATCTCCATTAAGTAGTATCGACGCCTA ATCGTCGCACTGGCCGATGGT 

+++++++++++++++++++++->. 

5'GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCTGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA 

3 • ccgtggttctctS^ 

Fifl 3. Sequence of t(B;14)(q31;q32) breakpoint region. (A) Nucleotide sequence of the BsmUHpM fragment Indicated on Fig 2. 
Nucleotides 1 to 36 represent the Jh4 coding region underlined on the coding strand.* Nucleotides 39 to 63 are a putat ve N region The 
seqZlrfr^^^^^^ 64 to 668 Is that of the germllne 11-3 gene.» The IL-3 TATA box |485) transcr Ipt.on start (515) and Inl^^^^^^^^ 

methionine (667) are underlined. Two proposed regulatory sequences In the promotor are marked by asterisks positions 1 82 and 389). (B) 
Comparathre sequence of the t(5:14)lq31;q32) breakpoint region. The lgJh4 region Is shown with Ks coding region, heptamer. and 
nonamer underlined. Clone no. 4 Is shown with putative N region sequences underlined. The IL-3 sequence Is also shown. A plus sign (+) 
denotes the Identical nucleotide between sequences. No heptamer or nonamer Is Identified In the IL-3 sequence. 
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Fig 4. Diagram of the translocation. The normal chromosome 
5q31 is shown wKh the GM-CSF gene telomeric to the IL-3 gene in 
the transcriptional orientation shown. On normal chromosome 
14q32 the Vh regions are telomeric. The t(5;14)(q31 ;q32) translo- 
cation results in the head-to-head orientation of these genes. 
Symbols are defined in Fig 2. BP, breakpoint posHion. 



intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene."*" This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the z-myc gene in some cases of 
Burkitt's lymphoma.*' An alternate hypothesis is that the 
elimination of an upstream lL-3 promoter element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL.3 gene suggests that an 
r^«w''2^'^^ important for the pathogenesis of this 
leukemia. Over-expression of the IL-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-lineage lymphocytes 
and B-!ineage leukemias may express the lL-3 receptor .^^^^ 

An additional feature of this type of leukemia is the 
dramatic eosinophilia, consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor.*^*^ 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, scCTetion of high levels of IL-3 by leukemic cells might 
have a role in the eosinophilia in this type of leukemia. 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation.*^'*^ This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putaUve N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
in this region on chromosome 5, suggesting that additional 
factors also played a role. Further studies will eluddate the 
mechanism of this and other translocations. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 14 kb away (Fig 4). This 
is known to be within the range of enhancer activation.^ The 
interleukin-5 (IL-5) gene maps to chromosome 5q31.2< 
Deregulation of the IL-S gene by this translocation would act 
synergistically with IL-3 in the sUmulation of eosinophil 
proliferation and differentiation." These and other questions 
will be answered by the study of more patient samples. We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 

REFERENCES 

1. Klein G, Klein E: Evolution of tumours and the impact of 
molecular oncology. Nature 315:190, 1985 

2. Showe L,^Croce C: The role of chromosomal translocations in 
B- and T-cell neoplasia. Annu Rev Immunol 5;253, 1987 

3. Hogan T, Koss W, Murgo A, Amato R» Fontana J, VanScoy F: 
Acute lymphoblastic leukemia with chromosomal 5;14 translocation 
and hypcrcosinophilia: Case report and literature review. J Clin 
Oncol 5:382. 1987 

4. Tono-oka T, Sato Y, Matsumoto T, Ueno N, Ohkawa M. 
Shikano T, Takcda T: Hypcreosinophilic syndrome in acute lympho^ 
blastic leukemia with a chromosome translocation t(5q l4q) Med 
Pediatr Oncol 12:33, 1984 

5. Meeker T, Grimaldi JC, 0*Rourke R, Loeb J. Juliusson G, 
Einhorn S: Lack of detectable somatic hypermutation in the V 
region of the IgH gene of a human chronic B*lymphocytic leukemia 
J Immunol 141:3394, 1988 

6. Ravetch J, Siebenlist U, Korsmeyer S, Waldmann T. Lcder P: 
Structure of the human immunoglobulin /x locus: CharacterizaUon 
of embryonic and rearranged J and D genes. Cell 27:583, 1981 

7. Norrandcr U, Kempe T, Messing J, Construction of improved 
Ml 3 vectors using oligodeoxynuclcotide-directcd mutagenesis Gene 
26:101,1983 

8. Foon K, Todd R: Immunologic classification of leukemia and 
lymphoma. Blood 68:U 1986 

9. LeBeau M, Epstein N, O'Brien S J. Nienhuis AW. Yang Y-C 
Clark S, Rowley J: The interleukin.3 gene is located on human 



•KB; -li) CHROMOSOMAL 7BANSL0CATI0N 

chromosome 5 and is deleted in myeloid leukemias with a deletion of 
5q, l^oc Natl Acad Sd USA 84:5913. 1987 

1 0. LeBeau M, Chandrasekharappi S. Lemons R, Schwartz J, 
Lar^nR. Arai N. Wcstbrook C: Molecular and cytogenetic analysis 
of <?liroiaosome 5 abnormalities in myeloid disorders, in cancer cells. 
in S»roccedings of Molecular Diagnostics of Human Cancer, Cold 
Sprang Harbor Laboratory. NY. 1989 (in press) 

1 1. Ihle J, Weinstein Y: Immunological regulation of hemato- 
poietic/lymphoid stem cell differentiation by intcrleukin-3. Adv 
lm*nunol 39:1. 1986 

Xt Clark S, Kamen R: The human hematopoietic colony- 
stirxiulating factors. Science 236:1229, 1987 

13. Bakhshi A. Wright J, Graninger W. Seto M, Owens J, 
Cossman J, Jensen J, Goldman P. Korsmeyer S: Mechanism of the 
t(l 4,18) chromosomal translocation: Structural analysis of both 
derivative 14 and 18 reciprocal partners. Proc Nati Acad Sci USA 
84:2396. 1987 

14. Tsujimoto Y, Louie E, Bashir M. Crocc C: The reciprocal 
partners of both the t(14.18) and tiie t(lU14) translocations 
involved in B-cell neoplasms are rearranged by the same mechanism. 
Oncogene 2:347. 1988 

15. Erikson J, Finan J, Nowell P. Croce C: Translocation of 
tomunoglobulin VH genes in Burkitt lymphoma. Proc Nati Acad 
SciiUSA 80:810, 1982 

.16. Yang Y-C. Kovacic S, Kriz R. Wolf S. Clark S. Wellems T, 
Nicnhuis A. Epstein N: The human genes for GM-CSF and IL-3 arc 
cl<]sely linked in tandem on chromosome 5. Blood 7 1 :958, 1 988 

17. Gillies S, Morrison S. Oi V. Tonegawa S: A tissue-specific 
transcription enhancer element is located in the major intron of a 
rearranged imniunoglobuVm heavy chaui gene. Cell 33:717. 1983 

18. Banerji J, Olson L. Schaffner W: A lymphocyte-specific 
cellular enhancer is located downstream of the joining region in 
immunoglobulin heavy chain genes. Cell 33:729, 1983 

19. Hayday A. Gillies S, Saito H, Wood C, Wiman K, Hayward 



2085 

W, Tonegawa S: Activation of a translocated human omyc gene by 
an enhancer in the immunoglobulin heavy-chain locus. Nature 
307:334.1984 

20. Sporn M, Roberts A: Autocrine growth factors and cancer. 
Nature 313:745, 1985 

21 . Palacios R, Steinmetz M: IL-3-dependent mouse clones that 
express B-220 surface antigen, contain Ig genes in germ line 
configuration, and generate B lymphocytes in vivo. Cell 41:727. 
1985 

22. Uckun F, Gesner T, Song C. Myers D. Mufson A: Leukemic 
B-cell precursors express functional receptors for human interleu- 
kin-3. Blood 73:533, 1989 

23. Spitzcr G, Garson O: Lymphoblastic leukemia with marked 
eosinophilia: A report of two cases. Blood 42:377, 1973 

24. Catovsky D, Bernasconi C. Verkonck P, Postma A. Howss J, 
Berg A, Rces J, Castelli G, Morra E, Galton D: The association of 
eosinophilia with lymphoblastic leukemia or lymphoma: A study of 
seven patients. Br J Haematol 45:523, 1980 

25. Wang X-F, Calamc K: The endogenous immunoglobulin, 
heavy chain enhancer can activate tandem Vh promoters separated 
by a large distance. Cell 43:659, 1985 

26. Sutherland G. Baker E, Callen D, CampbeU H, Young 1. 
Sanderson C, Garson O, Lopez A, Vadas M: Intcrleukin-5 is at 5q3 1 
and is deleted in the 5q-syndrome. Blood 71:1 150, 1988 

27. Warren D, Moore M: Synergism among interleuldn-1, inter- 
leukin-3, and intcrleukin-5 in the production of eosinophils from 
primitive hemopoietic stem cells. J Immunol 140:94, 1988 

28. Yang Y-C, Clark S: Molecular cloning of a primate cDNA 
and the human gene for interlcukin-3. Lymphokincs 1 5:375, 1988 

29. Yang Y-C, CiarletU A, Temple P, Chung M, Kovacic S. 
Witek-Giannotti J, Leary A, Kriz R, Donahue R. Wong G, Clark S: 
Human lL-3 (multi-CSF): Identification by expression cloning of a 
novel hematopoietic growth factor related to murine IL-3. Cell 47:3. 
1986 



o 



RAPID COMMUMCATION 

Acttnvatfioini off the IiniterleiiQkiini-3 Gemie Iby Clliiiroinniosome TraEslocatnora inn Acwte 
Lyinniplliiocyttk Lennkema Witlh EosiiraopMMa 

By Timothy C. Meieker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams 



The t(5;14)(q31;q32) translocation from B-lineago acute 
lymphocytic leukemia with eosinophilla has been cloned 
from two leukemia samples. In both cases, this transloca- 
tion Joined the IgH gene and the interl6ukin-3 <IL-3} gene. In 
one patient, excess IL-3 mRNA was produced by the 
leukemic cells. On the second patient, serum liL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
bcl-2, oabU and omycy that are located adjacent to the 
translocation.'*^ It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B4ineage inmiunophenotypc, eosinophilia, and 
the t(5;14)(q31;q32) translocation.^'* Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19. but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality.^ In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described.'*^ 
Clinical features of Case 2 have been described m detail.' DNA 
isolation and Southern blotting was done usmg prmousiy described 
methods.^ Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcdRl genomic IL-3 fragment, and an IL-3 
cDNAprobe.^' 

Northern blots. RNA isolation and Northern blotting have been 
described.' Briefly, Northern blots were done by separating 9/tg 
toUl RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5. a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF) cDNA probe.'^-'^ 

Polymerase chain reaction. Primers were designed with BamHl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 144:5'-TAGGATCCGACGGTOACCAGGGT), 
and the other hybridized to the re^on of the TATA box in the IL-3 
gene (Primer 161: 5'-AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95*C for 1 minute, 6\''C for 30 
seconds, and 72®C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 mL containing 67 mmol/L 
Tris-HCl pH 8.8, 6.7 mmol/L MgClj, 10% dunethyl sulfoxide 
(DMSO), 170 /tg/mL bovine serum albumin (BSA) (fraction V), 



acthfity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GiVl-CSF) or iL-5 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the tL-3 gene, 
resulting in autocrine and paracrine growth effects. 
© 1990byThe American Society of Hematology, 

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Perkin-Elmer, Norwalk, CT)." 

Sequencing. Sequencing was done by chain termination in Ml 3 
vectors.'* As part of this study, we sequenced a subclone of a normal 
IL-3 promoter, covering 598 base pairs from a Sma I site at position 
- 1240 (with respect to the proposed sitS^of transmption inidation) 
to an Nhe I site at position -642. The plasmid containing this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos? cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector,*" Briefly, the Hindlll/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously described phage clone 4 into pUC18.' The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinker was cloned into 
the blunted Xho I site of pXM. The niegative control construct was 
the pXM vector without insert. Plasmids were introduced into Cos7 
cells by eiectroporation, and supernatant was collected after 48 
hours in culture. 

TFI bioassay. TF-1 cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutamine, and 1 ng/mL human GM-CSF.'^ Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 /iL volume of serial dilutions of 
patient scrum was added to wells in a flat bottom 96-wcll microtiter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 /iL 
was added to appropriate wells and preincubatcd for 1 hour at 37**C. 
Fifty microliters of twice washed TF-1 cells were added to each well, 
giving a final cell conceiitration of 1 x. 10* cells per well. (final 
volume, 100 mL). the plate was mcubated for 48 hours. The 
remaining cell viability was determined metabolically by the colori- 
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Breakpoint sequences for Case 2. The germline IgJhS region sequence (protein codino reninn . 
sequencesare«nderiined)leontop,thetran8loc^^ «l||nal 
Is In the middle, and the germline IL-3 sequence, which we derived from a normal IL-3 clone. Is on the S« ^ 2^2 ? 
sequence has the same nucleotide. The sequence documents the head-to-head Joining of the IW and laH aenrr Th-trlv* 
gene occurred at position ^934 <♦). ^ * breakpoint In the IL-3 



metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, Menlo Park, CA) set at 570 and 650 nm." 

Cytokine immunoassays. These assays used rat monoclonal 
anti-cytokine antibodies (10 Mg/mL) to coat the wells of a PVC 
miccotitcr plate. The capture^ antibodies used were BVD3-6G8, 
JES1.39D10, and BVD2.23B6. for the IL-3, IL-5, and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted 1:2 for IL-3, undiluted for IL-5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunorcagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (NIP)-dcrivatized rat 
monoclonal antibodies JESI-5A2 and BVD2-21Cn, specific for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-Iabeled goat anti-mouse Ig for IL-3, or HRP-labeled rat (J4 
MoAb) anti-NIP for 11^5 and GM-CSF. The chromogenic sub- 
strate was 3-3'azino-bi5-benzthiazolme sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Soflmax software avaUable with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the J^mdlll restriction enzyme 
and hybridized with a human inmiunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
. mately 14 kb was detected (data^not shown). When rtfprobed 
with either of two different IL-3 probes. a rearranged 14 kb 
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fragment, comigrating with the rearranged Jh fragment was 
Identified. When leukemic DNA was digested with Hirtmi 
phis EcoRI, a rearranged Jh fragment was detected at 6 kb 
T^e IL-3 probes also identified a comigrating fragment of 
this size. These experiments Indicated that the leukemic 
sample studi^ was clonal and that a single fragment 
contamed both Jh and IL.3 sequences, suggesting a trlnslo- 
cation had occurred. 

To characterize better the joining of the IL-3 gene and the 
immunoglobulin heavy chain (IgH) gene, the polymerase 
Cham reaction (PGR) was used to clone the translocation » 
A Jh pnmer and an IL-3 primer were designed to produce iu 
amplified product in the event of a head-to-head transloca- 
Uon While control DNA gave no PGR product, Gase 2 DNA 
yielded a PCR-derived fragment of approximately 980 bp 
which was cloned and sequenced. 

The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promoter of 
the IL.3 gene m a hcad-to-head configuration (Fig 1) 
Sequence analysis indicated that the breakpoint on chromo^ 
some 14 was just upstream of the Jh5 coding region. The 
breakpoint on chromosome 5 occurred 934 bp upstream of 
the putative site of transcripUon initiation of the IL-3 gene 
We also determined that a putative N sequence of 1 7 bo was 
inserted between tlTchrSmosome 5 and chromosome 14 
sequences during the translocation event." " Figure 2 shows 
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Flg». Relationship of chromosome 5 breakpoints to the IL-3 gone. Thh figure shows the two cloned brealtooif.*. I- n . . 

the normal IL-3 gene."" One breakpoint oooirred M positton -462 and the other n -934 (a^ows) In ^^^^^^ 

transtocattons resulted bi a head-to^head Joining of the IgH gene and the IL-3 gene, leaving the mRNA and orotain e^V-- . 1!!^ ** 

gene intact. Boxes denote the five IL-3 exons: restriction enzymes are (B) AimHL (P) Pst \, (H) Hpa I. (E» £coW andOc" Xfc I ** '^"^ 



11-3 ACTIVATION BY CHROMOSOME TRANSLOCATION IN AIL 



287 




18S- 
1.0kb-#- 



-28S 



-18S 



Fig 3, Documentation of IU3 mRNA over^expresslon. A Northern blot was prepared and hybridized with a probe for IU3, Lane 1 
omalned RN A from unstimulated peripheral blood lymphocytes (PBL) as a negative control. Una 2 contained RNA from PBL stimulated for 
4 hours with concanavalian A <ConA), and lane 3 contained RNA from PBL stimulated with ConA for 48 liours. As in the positive control 
Imes (2 and 3), a 1 Icb band was Identified In the leulcemic sample from Case 1 (lane 4. lower arrow), suggesting aberrant expression of the 
IU3 gene. In addition, the leukemic sample showed over-expression of an unspiiced 2.9 Icb IL-3 transcript (lane 4. upper arrow). We 
€lc>cumented that this represented an unspiiced precursor of the mature 1 Icb transcript by showing that this band hybridized to a probe 
-from intron 2 of the IL-3 gene. A similar 2.9 kb band 'Was detected in lane 2, suggesting that an IL-3 mRNA of this slze^is sometimes 
<l»tectable in normal mitogen-stimulated ceils. Lane 5 through 10 represent RNA from six samples of B-lineage acute lymphocytic leukeinla 
without the t(6;14) trenslocation. Indicating that only the sample with the translocation exhibited IL-3 over-expression. Case 2 could not be 
analyzed by Northern blot because too few cells were available for study. 



the locations of the two cloned breakpoints in relation to the 
JL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of theSV40 
promotor/enhancer in the Cos7 cell line. Cell supematants 
^ere studied in a proliferation assay using the factor depen- 
<lent erythroleukemic cell line. TF-1. The supernatants 
<lcrived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
<data not sho^). Furthermore, the Biologic activity could be 
Hocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspiiced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown).^'-^ 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-^IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JESl- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of ncutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either anti-IL-5 or anti-GMjCSF^as consistent with the 
inability to measure these factors by immunoassay and 



Table 1. Peripheral Blood Counts and Growth Factor Levels 
at Different Times in Case 2 

Sample Date 





11/16/83 


1/16/84 


3/14/84 


Peripheral blood counts (cells/Mt) 








WBC 


81,800 


116,500 


12,300 


Lynnphobtasts 


0 


33.785 


0 


Eosinophils 


46,626 


73,080 


615 


Serum growth factor levels (pg/mL) 








IL-3 


' <444 


7,995 


1,051 


GM-CSF 


<15 


<15 


<16 


0.-5 


<60 


<60 


<50 



Peripheral blood counts from Case 2 at three different time points with 
the corresponding growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/16/84 and 3/14/84 to lower 
his leukemic burden.' No serum samples were available for a similar 
analysis of Case 1 . 

Abbreviation: WBC, white blood cells. 
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Rg 4. Bioassay of serum IL-3. Leukemic patient sera were tested for bioactlve IL 3 «„h ii c i.. *u « • 
reciprocal of the dilwion Is Indicated on the horizontal axis and tL on^^^^ " ? proKferatlon assay. The 

vertical axis. Serum from all three time points w^^^^^ 

concentration of monoclonal rat antWL"^. B VDS^GmK Tni^^^^^^^ monospjjcHic by using a 1 final 

inhibition of prollferetlon was evident In^^HSrpresence of antlTa tntih^^^^ ^ Indicates no MoAb. On 1 /16/84 and 3/14/84, 

was not detected in this assay^asantMwlS^nTa^^^^^^^^^^^ 



indicated that these other myeloid growth factors were not 
detectably circulating in the serum of this patient. 

DISCUSSrON 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promoter. The PGR assay we have developed wiU 
be useful in the screening of additional cUnical samples for 
this abnormality. 

The finding of a disrupted IL-3 promoter associated with 
an otherwise normal IL.3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-B gene 
product. In this work, we have documented that this is true. 
In addition, neither GM-CSF nor iL-5 arg over-expressed by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is tiie first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL.3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our diesis that an 
autocrine loop for IL-3 is important for tiie evolution of this 
leukemia." The excessive IL-3 production tiiat we have 
documented would be one feature of such an autocrine loop 
The final proof of our thesis must await additional data In 
particular, from the study of additional cUnical sampled it 
will be necessary to document that the IL.3 receptor is 
present on the leukemic cells and that anti-IL.3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
Its receptor may prove useful. Because it is also possible that 
the eosinophilia in these patients is mediated by the para- 
crine effects of leukemia-deriy^ i;^3, similar interventions 
may improve this aspect of the disease. Antibodies or^^ 
engmeered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathoiogic Significance of tlie 
c-erbB-2 {HER-TIneu) Oncogene 

Timothy P. Singleton and John G. Strloi<ler 



The CrerbB-2 oncogene was first shown to have clinica] significance in 1987 by 
Slainon et al,™ who reported that DNA amplification in breast carcino- 

mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-erJ&B-2 activation in breast 
carcinoma reached conflicting conclusions about its cbnical significance. This 
oncogene also has been reported to have cbnical and pathologic impbcations in 
other neoplasms. Our review summarizes tihese various studies and examines 
the clinical relevance of c-6rtB-2 activation, which has not been emphasized in 
recent reviows.37»?*»8B The molecular biology of the c-erfeB-2 oncogene has been 
extensively reviewed*'*^-** and will be discussed only briefly here. 

BACKGROUND 

The c-erbB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion, The neu (mcogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatrnent of fetal rats.^-^^'^^'^* The c- 
erbB'2 was a human gene discovered by its homology to the retroviral gene v- 
er&B, 33.49.76 HER-2 was isolated by screening a human genomic DNA library for 
homology with v-erfcB." When the DNA sequences were determined subse- 
quently, c-eriB-2, HJEH-2, and neu were found to represent the same gene. 
Recently, the c-ertB-2 oncogene also has been referred to as NGL, 

The c-erfcB-2 DNA is located on human chromosome 17q21*»'^'" and codes 
for c-erfcB-2 mRNA (4.6 kb). which translates c-erfeB-2 protein (pl85). This 
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protein is a normal component of cytoplasmic ioiembranes. The c-arjiB«2 
oncogene is homologous with, but not identical to, c-crfeB-1, which is located 
on chromosome 7 and codes for the epidermal growth factor receptor, ^•^'^ The c- 
erbB'2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain.^-'^^ Electron microscopy 
with a polyclonal antibody detects c-eriB-2 immunoreactivity on cytoplasmic 
membranes of neoplasms, especially on microvilli and the non-villous outer cell 
mcmbranc.^^ In normal colls, immunohistochemical reactivity for c-erfaB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membrane's 
brush border. ^-^^^ 

There is experimental evidence that 6-erfoB-2 protein may be involved in 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 
erbB-2 protein can transform a cell line into a malignant phenotype.^ Also, 
when the neu o'hcbgene ck>ntainihf^ff activating point mutation is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. ^^-^ In other experi- 
\: ments, monoclonal antibodies against the neu protein inhibit the growth (in 

.11 • nude mice) of a neu-transfonned cell line,^^ and immunization of mice with 

; neu protein protects them from subsequent tumor challenge with the neu- 

transformed cell line." Some authors have speculated that the use of antago- 
'H ■} nists for the unknown ligand could be useful in future chemotherapy.^ Further 

: | {: j review of this experimental evidence is beyond the scoi>e of this article, 

jil : The c-erbB-2 activation most likely occurs at an early stage of neoplastic 

III : development. This hypothesis is supported by the presence of C'-erfeB-2 activa- 

'ii .: tion in both in situ and invasive breast carcinomas. In addition, studies of 

] "i metastatic breast carcinomas usually demonstrate uniform c-^riB-2 activation 

at miiltiple sites in the same patient, although c-6rbB-2 activation has 

rarely been detected in metastatic lesions but not in the primary tumor;^'*-^" 



If i] Even more rarely, c-crfeB-2 DNA amph'fication has been detected in a primary 



breast carcinoma but not in its lymph node metastasis. ^ In patients who have 
I ^ bilateral breast neoplasms, both lesions have similar patterns of c-€r&B-2 activa- 

^U-'Y tion, but only a few such cases have been studied..^^ 



MECHANISMS OF c-erl)B-2 ACTIVATION 



The most common mechanism of c-erfcB-2 activation is genomic DNA amplifica- 
tion, which ahnost always results in overproduction of c-er2iB-2 mBNA and 
protein. The c-erbB-2 amplification may stabilize the overproduction of 

;]! !;j \ . mRNA or protein through unknown mechanisms. Human breast carcinomas 

I i: : with c-erbB-2 amplification contain 2 to 40 times more c-erbB-2 DNA**' and 4 to 

j : :i : 128 times more c-erhb-l mBNA^*^ than found in normal tissue. Most human 

l| ;• breast carcinomas with c-0rbB-2 amplification have 2 to 15 times more CHSfrfoB-2 

;| ;! ; DNA. T\imors with greater amplification tend to have greater overproduc- 

ji;^ ' tion."'^'^ The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-6r^7B-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of c-erfcB-2 activation is overproduc- 
tion of c-erbB-2 mRNA and protein without amplification of c-erfcB-2 DNA.^^ 
The quantities of mRNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal breast or other 
tissues. ^^•^•'5* The c-crbB-2 protein overproduction mthout mRNA overproduc- 
tion or DN A amplification has been described in a few huinan breast carcinoma 
cell lines.^"' 

Other rare mechanisms of c-erfcB-2 activation have been reported. Translo- 
cations involving the c-erbB-Z gene have been described in a fe^y mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymorphisms or incoinplete restriction enzyme digestions 
that mimic translocations. A smgle point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethybitrosurea>'55 xhe mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane, ^o**^** Althou^ there has been specula- 
tion that some of the amplified c-er£»B-2 genes may contain point mutations,^ 
none has been detected in primary human neoplasms, ^^'^^i 



TECHNIQUES FOR DETECTING e-erbB-2 ACTIVATION 
Detection of c-erbB-2 DNA Amplification 

Amplification of c-er6B-2 DNA Is usually detected by DNA dot blot or South- 
em blot hybridization, In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c^erfeB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a c-erbB-2 DNA probe. In both tech- 
1 niques. c-erfcB-2 amplification is quantified by comparing the intensity (ihea- 

sured by densitometry) of the hybridization bands firom the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-erfeB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
' graded or diluted by DNA firom stromal cells^w Second, the c-eriB-2 DNA 

probe must be careftiUy chosen and labeled. For example, oligonucleotide o- 
ar6B-2 probes may not be sensitive enough for measuring a low level of c-criB- 
i 2 amplification, because diploid copy numbers can be difficult to detect (unpub- 

; lished data). Third, the total amounts of DNA in the sample and control tissue 

; must be compensated for, often with a probe to an unamplified gene. Many 

studies have used control prober to genes on chromosome 17. the location of c- 
erfeB-2, to correct for possible alterations in chromosome number. Identical 
. results, however, are obtained by using control probes to genes on other chro^ 

I mosomes»»«* w» with rare exception." Studies using control probes to the beta- 

! , 

i 
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globin gene must be interpreted with caution, because one allele of this gene is 

deleted occasionally in breast carcinomas.^ V 

Amplification of c-er!?B-2 DNA was assessed by using the polymerase \ 

chain reaction (PGR) in one recent study.^ Oligoprimers for the c-erbB-2 gene ] 

and a control gene are added to the sample's DNA, and PGR is performed. If \ 
the sample contains more copies of c-erfcB-2 DNA than of the control gene, the 

c-6riB-2 DNA is replicated preferentially | f 

Detection of c-erbB-2 mRNA Overproduction ;1 ^ 

Overproduction of c-erbB-2 mRNA usually is measured by RNA dot blot or 
\ Northern blot hybridization. Both techniques require extraction of RNA but 

otherwise are analogous to DNA dot blot and Southern blot hybridization. Use j 
rf PGR for dfetection of o*riB-2 mRNA haspbeen described in two recent k 
' abstracts.^^iw ] 

Overproduction of c-erfoB-2 mRNA can be measured by in situ hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized ^. , 
with a radiolabeled probe, washed, treated with nudease to remove unbound ' 
probe» and developed for autoradiography. Silver grains are seen only over 
) • tumor cells that overproduce c-erfeB-2 mRNA. Negative control probes are 
used. AW Our experience indicates that these techniques are relatively insensi- 
. tive for detecting c^rfoB-2 mRNA overproduction in routinely processed tisr 
sue. Although the sensitivity may be increased by modifications that allow 
simultaneous detection of c-erbB-i DNA and mRNA, in situ hybridization still 
is cumbersome and expensive (unpublished data). 

All of the above mRNA detection techniques have several prob- 

lems that make them more difficult tp perform than techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in 
tissue that is not immediately frozen or fixed. In addition, during (he detection | • \ 

h [ procedure, RNA can be degraded by RNase, a ubiquitous enzyme, which must | 

^ be eliminated meticulously from laboratory solutions. Third, control probes to ? i 

■i ; genes that are uniformly expressed in the tissue of interest need to be carefiiUy 

•^^i selected. • . • - ' . *il 

Detection of o^rbB'2 Protein Overproduction | ; 

The most accurate methods for detecting c-erhB-2 protein overproduction are i|- ( 

the Western blot method and immunoprecipitation. Both techniques can docu- 
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ment the binding specificity of various antibodies against C'erbB-2 protein. In .| i 

Western blot studies, protein Is extracted from the tissue, separated by electro- % ' 

• phoresis (according to size), transferred to a membrane, and detected by using an- '■ 

tibodies to c-er&B-2. In immunoprecipitation studies, antibodies against c-er^B- | , 

: j 2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 1 1 

, I ' separated by gel electrophoresis and stained for protein. Both Western blot and | .: 

[ ] immunoprecipitation are useful research tools but currently are not practical for | j 

diagnostic pathology. Two recent abstracts have described an enzyme-linked j.'^ 

) \ immunosorbent assay (ELISA) for detection of c-0rbB-2 protein. ' I ^ 
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Overproduction of o-erbh-l protein is most commonly assessed by various 
immunohistochemical techniques. These procedures often generate conflicting j 
results, which are explained at least partially by three factors. First, various j 
studies have used different polyclonal and monoclonal antibodies. Because j 
some polyclonal antibodies recogiuze weak bands in addition to the c-erfcB-2 1 
protein band on Western blot or immunoprecipitation, the results of these | 
studies should be interpreted with caution.^^-^*^-®* Even some monoclonal ahti- \ 
bodies immunoprecipitate protein bands in addition to c-eriB-2 (pl85).3*>»59.86 | 
Second, tissue fixation contributes to variability between studies. For example, j 
■ some antibodies detect C'erb3-2 protein only in frozen tissue and do not react / 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive cells."'^® 
When Bouin&. fixative is used, there may<be a jh^ec^perceptage of positive 
cases." Third, minimal criteria for interpreting immunohistochemical staining . 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for c-erfcB-2 activation in breast 
. carcinoma, the number of positive cells and the staining intensity required to 
diagnose c-erbB-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-erfcB'2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing.^ ; 

I 

ACTIWriON OF c-ertlB-2 IN BREAST LESIONS 1 

k 

Incidence of oerbB-2 Activation 

Most studies of c-erbB-2 oncogene activation do not specify histological sub- , 
types of infiltrating breas t carcinoma. Amplification of c-cr6B-2 DNA was found 
in 19. 1 percent (519 of 2715) of Invasive carcinomas in 25 studies (Tkble 1), and j 
iyerbB'2 mRNA or protein overproduction was detected in 20*9 percent (566 of 
2714) 6( invasive carcinomas in 20 studies. Twelve studies have documented c- 1 
* dr6B-2 mRNA or protein overproduction ih 15 percent (88 of 604) of carcinomas 
that lacked c-er&B-2 DNA amplification. 

The incidence of 0'erbB^2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-erfeB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent c-€rfcB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget s disease (82 percent, 9 of 
11), and medtillary carcinoma (22 percent. 5 of 23). In contrast, c-erfcB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15), 

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocardnoma in situ (68 percent, 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erbB'2 activation /<>"'«® especially if larger cells are present. The greater fre- 
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quency of c-erbB-2 protein overproduction in comedocarcinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show c-er6B-2 activation infrequently. Others have speculated 
that carcinoma in sitii with c-erbB'2 activation tends to regress or to lose c- 
erbB-2 activation during progression to invasion.-w**'^ Infiltrating and in situ 
components of ductal carcinoma, however, usually are similar with respect to c- 
activation. 11^9 although some authors have noted more heterogeneity of 
the immunohistochemical staining pattern in invasive than in in situ card- 
noma^-w "^^^w Activation of c-erfcB-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the c- 
erfcB-2 protein overproduction tends to occur in the comedocareinoma in situ 
but may include other areas of carcinoma in situ. ^^^-^ Overproduction of c- 
er&B-2 protein in ductal carcinoma in situ correlates with lai^er cell size and a 
periductal lymphoid infiltrate.«» 

Activation of c-erfoB-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for o-crfcB-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently. 39.^54 normal breast tissue, c-erfeB-2 DNA is 
diploid, and c-erfeB-2 is expressed at lower levels than in activated tamors.^-^s «5.8b 

These preliminary data suggest that c-er6B-2 activation may not be useful 
for resolving many of the common problems in diagnostic surgical pathology. For 
example, c-erbB-2 activation Is infrequent in tubular carcinoma and radial scajrs. 
In addition, because c-erbB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-er&B- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
c-crfeB-2, are unlikely to be mistaken for those of benign lesions. Activation of 

TABLE 2. <>-efbB>2 ACTIVATION IN 8ENIQN HUMAN BREAST LfSIONS 



Histological Diagnosis 


c-erbB-2 DNA 


c-er6B-2 mRNA 


o-erdB-2 Protein 


AmpliflCBtionB 


Overproduction 


Overproduction 


Fibrocystic disease 


0/1 OM 




0/32,39 0/9 M0/8W 


Atypical ductal hyperplasia 






2(weak)/21,s« 
1(cytopla$mlo}/13» 


Benign ductal hyperplasia 






0/123" 


Sclerosing adenosis 






0/4» 


Fibroadenomas 


O/16,»0/6w 


0/6,«0/3» 


0/21M0/10,M 
0/8»0/3*a 


Radial scars 






0/22» 


Blunt dud adenosis 






0At4» 


"Breast mastosis" 




0/335 





'Shown as number 0I cases with acUvalionMumber of cases studied; reference Is given as a superscript 
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c-erbB-i, however, does favor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies of these issues would be useful. 

Correlation of c-erbB-2 Activation With Pathologic Prognostic Factors 

Multiple studies have attempted to correlate c-erfcB-2 activation with various 
pathologic prognostic factors (Table 3). Activation of c-erfcB-2 was correlated 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-erfcB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki'67, have been suggested as 
prognostic factors and may correlate with c-er&B-2 activation.® "^ 

Correlation of c-erbB-2 Activation With Clinical Prognostic F^ct^s 

Various studies have attempted also to correlate c-crfeB-2 activation with clinical 
features that may predict a poor outcome (Table 4). Activation of c-erfrB-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-erfcB-2 activation^ and, in the rest of the reports, o- 
erfcB-2 activation was associated with either younger or older ages. 

Correlation of c-erl>B«2 Activation With Patient Outcome 

Slamon et al"^-®* first showed that amplification of the c-erfcB'2 oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-crbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c^erbB-2 amplification is an important prognostic indica* 
tor only in patients with lymph node metastasis, ''^■^^ 

A large number of subsequent studies also attempted to correlate c-erbB-2 
activation with prognosis CTable 5). In 12 series, there was a correlation be- 
tween c-eri>B-2 activation and tumor recurrence or decreased survival. In five 
of these series^ the predictive value of c-er&B-2 activation was reported to be 
independent of other prognostic factorsr-In contrast, 18 series did noVconfinn 
the correlation of c-crfcB-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below. 

One problem is that c-efi^B-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table.5, most 
studies of patients with axillary lymph liode metastasis showed a correlation of 
G-erfeB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-€r&B-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-er&B-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE 5. CORRELATION OP c-erbB-2 ACTIVATION WITH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 



Number of Patients 



Type of 



Metasfasf/s to 



p« 


G-erbB-2 
Activation* 


Tofar 


AxWary No 
Lymph Nodes MetastasiB 


Statistical 
Analysis" 


Reference 


<o.os 


DNA 


1 f V 




M 


87 


<6.06 


DMA 


fil 






00 


<0.05 


DNA 


57 




II 


DD 


<0.06 


DNA 


41 




II 

u 


93 


<0.05 


mRNA 






II 

u 


AC 

09 


<0.05 










101- 


<0.05 






o*to 


M 


81 


<0.05 








1 1 
U 


17 


<0.05 


DNA 




01 


11 


87 


<0,05 


DNA 




AR 




79. 


<0.05 








M 

■ nfl 


BO 


<0.05 


Proton 






IJ 




0.05--0.15 


DNA 


57 




11 

w 


ill 

1 1 1 


0.05-0.15 


Protein 


189 




M 


92 


0.0&-0.15 


Protein 




120 


U 


86 


>0.15 


DNA 


130 




U 


113 


>0.15 


DNA 


122 




M 


4 


>0.15 


DNA 


50 




U 


44 


>0.15 


mRNA 


57 




U 


50 


>0.15 


Protein 


290 




M 


66 


>0.15 


Protein 


195 




U 


11 


>0.15 


Protein 


102 




U 


38 


>0,15 


Protein 




137 


U 


17 


>0,15 


DNA 




181 


M 


81 


>0.15 


DNA 




-r. - 159 


U 


f7 


>0.15 


DNA 




73 


u 


87 


>0.15 


Proteln-WB 




378 


u 


85 


>0.15 


Protein-WB 




192 


u 


17 


>0,16 


Protein 




141 


u 


86 


>0.15 


Protein 




41 


u 


40 



"The endpolnts C7f Iheso studies were tumor recunBHce or decreased survivai or both. CorralaUon between o* 
erbB-z activation and a poorer patient outcome la statistically significant at <o.0S, ts of equlvocat slgnffteanoe 
at 0.05 to 0.15, and is not significant at >o:i6. 

^Shown as variable measured. Letters "WB" indicate assay by Western blot; the other protein studies used 
immunoliistochsmical mettiodS. 

» multivariate statistical analysis; U » univarlale statistlcat analyels. 
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TABLE 6. PERCENTAGE OF BREAST CARCINOMAS WITH METASTASIS COMPARED 
WITH PROGNOSTIC SIGNIFICANCE OF o^liS.2 ACTIVATION 



%oftumor8Wllh 
lymph node 
metastasis In 
each study 



70- 



60- 



60- 



40* 



71 (DNA)« 



61 (DNA)» 

59 (DNA)«' 
58(Proteln)«' 



64(DNAri 



42(Pfoteln)« 



+ 



P<0.05 



0.05<P<ai5 



64 (mRNA)» 
61{DNA)^ 



58 (ONA)^ 
57 {DNA)'« 
55(PfOteln)» 

4e(Protein)<' 
46(Protein)M 



P>0:16 



P for correlaHon of <w6B-2 activation with paHent outcome. 

Each slud/s percentage of breast carcinomae m\ metastasis is compared wWh the eorrelafiDn t>9tween o- 
ef6B-2 activation and oulcorne.Thesedataindudeohly dwse studies that oorisklaied. as one grou^ all breast 
caiieer patients, whether or not they had axHIary metastasis. Supeiseripts bib the referenoes. In parentheses 
are the types of c-er<>B-2 activation. P values are Interpreted as In Table 3. 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current Hterature suggests that 
c-«rfcB-2 activation is infrequent in lobular carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of o- 
er&B-2 activation in ductal tumors* In addition, most studies do not analyzsb 
inflammatory breast carcinoma separately. This condition frequently shows c- 
er&B-2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-crfcB-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. TWo recent abstracts reported that in paUents without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-^r&B-2 overexpression predicted early 
recurrence. 23.87 patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-€rfcB-2 activation.<<^ 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c-^rfcB-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-erfcB-2 activa- 
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tion and poor patient outcome measure c-eriB-2 DNA amplification (Table 5), 
and breast carcinoma patients with greater amplification of c-«rfcB-2 may have 
poorer survival. "^ ^i Recent studies suggest diat amplification has more prognos- 
tic power than overproduction." but the clinical significance of c-0rfcB^2 
overproduction without DNA amplification deserves further research, ",3a jew 
studies have attempted to correlate patient outiiome with c-eriB-2 mRNA 
overproduction, and many studies of c-ertB-2 protein overproduction use rela- 
tively less reliable methods such as immunohistochemical studies with poly- 
clonal antibodies. 

Comparison of c-erl)B-2 Activation With Other Oncogenea in 
Breast Carcinoma 

Other oncogenes that may have prognostic implications inhuman breast cancer 
are reviewied cl5cwhere.7i.i» rbis section will be restricted to a comparison 
between the clinical relevance of c-erfcB-2 and these other oncogenes. 

Hie c-myc gene is often activated in breast carcinomas, but c-mi/c activa- 
tion generally has less prognostic importance than activation, "•^^.''^.w.so 
One study found a correlation between increased mRNAs of o-^rjbB-2 and c- 
fnyc, although other reports have not confirmed this.^-io^ Subsequent research, 
however, could demonistrate a subset of breast cartHnomas in which omyc has 
more prognostic importance than c-eriB-2. 

The gene c-erfcB-1 for the epidermal growth factor receptor (EGFR) is 
homologous with c-erbB-2 but is infi-equently amplified in breast carcinomas ^ 
Overproduction of EGFR, however, occurs more frequendy than amplification 
and may correlate with a poor prognosis. In studies that have examined both c- 
eriB-2 and EGFR in the same tumor, c-«rfcB-2 has a stronger correlation wifli 
poor prognostic factors.35.52 Studies have tended to show no correlation between 
amplification of c-€r&B-2 andc^erbB-l or overproduction of c-^rtB-2 and EGFR, 
although at tiie molecular level EGFR mediates phosphorylation of c-erbB'2 
protein.«i'52,6i.8fiao» Recent reviews describe EGFR in breast carcinoina,*^iw 

The genes c-erbA and ear-1 are homologous to the thyroid hormone recep- 
tor, and they are located adjacent to^<5-WfcB?€ on chromosome 17. These genes 
are frequently coamplified with c-erfcB-2 in breast carcinomas. The absence of 
c-erfcA expression in breast carcinomas, however, is evidence against an impor- 
tant role for this gene in breast neoplasia. Amplification of c-erfoB.2 can occur 
without ear-1 amphfication, and these tumors have a decreased survival that is 
similar to tumors with both c-erfcB-2 and ear-1 amplification." Consequently, 
c-eriB-2 amplification seems to be more important than amplification of f>erbk 



Other genes also have been compared with c-^erbB-l activation in breast 
carcinomas. One study found a significant correlation between increased c-erbB- 
2 mRNA and increased mRNAs offos,, platelet-derived growth factor chain A, 
and Kl-rasJ^ Allelic deletion of c-Ha-ro* may indicate a poorer prognosis in 
breast carcinoma^^^ but it has not been compared with c-erbB-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
* breast carcinoma and activation of any one of several oncogenes."."* 



or car-1. 
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ACTIVATION OF c-erbB-2 IN NON-MAMMARY TISSUES 

Incidence of c-erdB-2 Activation in Non-Mammary Tissues 

Table 7 summarizes the normal tissues In which o-er6B-2 expression has been 
detected, usually with immunohistochemical methods using polyclonal anti- 



TABLE 7. PRESENCE OR ABSENCE OF mRNA OR oerAB-2 PROTEIN IN 

NORMAL HUMAN TISSUES 



Tissues With 
c-6rbB«2 
mRNA 



Tissues Producing 
c-e/bB>2 Protein* 



Tissues Lacking 
c-erbB-2mRNA 



Tissues Lacking 
e-erbB>2 Protein 



Skln2^ 



Stomach^* 

Jejunum** 

Colon2« 

Kidneys 



Uver^ 



Lung« 



Fetal brain^ 

Thyroid^ 
Uterus** 



Placenta^ 



EpIdemnlsM 
Extemal root sheath^' 
Eccrlne sweat glands 

Fetal oral mucosa^ 
Fdtal esophagus^ 
Stomaoh».« 
Fetal Intestine"* 

Small intestine^^ 
Colon'wa 

Fetal kidneys* Kklneysi^* 

Fetal proximal tubule" 
Distal tubule^ 
Fetal collecting duct^^ 
Fetal renal pelvis^a 
Fetal ureter« 
Hepatocytea^ 
Pancreatic aclnP^ 
Pancreatic ducts^ 
Endocrine cells of Islets 
ot Langertians" 

Fetal trachea^ 

Fetal bronchlole6«*** ^ 
Bronchioles** 



Fetal ganglion cells" 



Ovary" 

Blood vessels^ 



Postnatal oral mucosa" 
Postnatal esophagus^ 



Glonrienilus^ 

Postnatal Bowman's capsule" 
Postnatal proximal tubule" 

Postnatal collecting duct«> 
Postnatal renal pelvis" 
Postnatal fetal ureter" 
Liver«M» 



Pancreatic islets" 

Postnatal trachea" 
Postnatal bronchioles" 

Postnatal alveoli"^ 
Postnatal brain" 
Postnatal ganglion ceils" 



Endothelium" 

Adrenocortical cells" 
Postnatal thymus** 
Rbroblasts" 
Smooth muscle cells" 
Caniiac muscle celled 



^is protein study used Western blots; the rest used immunohistochemieal methods, 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that these findings should be confirmed by immunoprecipltatlon or 
Western or RNA blots. Production of c-er6B-2 has been identified in nbnrial 
epitheUum of the gastrointestinal tract and skin. Discrepancies regardiing c- 
.«riB-2 protein in other tissues could be due, at least in part, to difierences in 
techniques. 

The data on c-6r&B-2 activation in various non*manunary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplificatioh and overexpression of other genes, although this has not 
' been documented for c-eriB-2. ' ' ^ - 

Activation of c-eriB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcinomas in eight studies (Table 8). One abstract^ stated that ovarian 
carcinomas contained significantly more c-erfcB-2 protein than ovarian non- 
epithelial malignancies. Another report** showed that 12 pm^ent of ovarian 
carcinomas had c-erfeB-2 overproduction without amplification. 

Activation of c-erfoB-2 has been identified in 20 percent (40 of 188) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 



o 



TABLE e. c-eri)B-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS- 







c-er6B-2 








mRNA 


Protein 




c-efbB-2 DMA 


Over- 


Over- 


Tumor Type 


AmpHflcation 


production 


production 


Ovary— carcinoma, not otherwise 


31/120,«» 1/11,57 


23/67" 


23/73,12 


specified 


0/6,<«^ 0/5 w 0/3,<« 
0/2«0/Vio 




36i72« 


Ovary— serous (papUteiy) carcinoma 


2/7,110 i/7,t« O/en 






iOvary— endometrioid carcinoma- - 


0/3W 






Ovary — mucinous carcinoma 


1/2,1 »oo/in 






Ovary^-clear cell carcinoma 


0/2,"«0/1« 






Ovary— mixed epitheila) carcinoma 


0/2« 






Ovary— endometrioid borderline tumor 


0/172 






Ovary— mucinous borderline tumor 


0/3« 






Ovary— serous cystadenoma 


0/473 






Ovary— mucinous cystadenoma 


0/2« 






Ovary— sclerosing stromal tumor 


0/1 78 






Ovary— flbrothecoma 


0/1« 






Uterus— ondometrlai adenocarcinoma 


0/4 « 0/1 







•Shown as number of cases with amplincailon (or overprodudtonVlotal number of cases studied; reference is 
given as superaoripL All protain studies used Immunohistochemical methods. 
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intestinal or tubular subtypes and 9 percent (4 of 47) of diffuse or signet ring cell 
subtypes (Table 9). Activation of o-erfcB-2 has been detected in 2 percent (6 of 
281) of colorectal carcinomas, although an additional irtimunohistochemical 
study detected c-er&B-.2 protein in seven of eight tissues fixed in Bouins solu- 
tion. One study found greater immunohistochemical reactivity for o-cfiB-2 
protein in colonic adenomatous polyps than in the adjacent normal epithelium, 
using Bouin's fixative. Lesions with anaplastic features and progression to inva- 
sive carcinoma tended to show decreased immunohistochemical reactivity for c- 
erfeB-2 protein.s^ Hepatocellular carcinomas (12 of 14 cases) and cholangiocarci- 
nomas (46 of 63 cases) reacted with anb'bodies against C'erfoB.2 in one study, but 
some of these "positive" cases showed only difiiase cytoplasmic staining, which 

TABLE 9, i>flfbB-2 ACTIVATION IN HUMAN GASTROINTESTINAL TUM ORS* 

c-erbB-2 
Protein 



Tumor Type 


c-er«>B-2 DNA 
Amplification 


Over- 
production 


Esophagus— squamous ceil carcinoma 


0/1 w 


0/1 w 


Stomach— carcinoma, poorly differentiated 






Stomach— adenocarcinoma 




4/27 » 3/1 0»i 








Stomach— cardnoma, intestinal or tubular type 


5/10»M 


16/54^ 


Stomach—oarcJnoma, diffuse or signet ring cell type 




4/45» 


Coloreclum— carcinoma 




1/22,"7/8»» 




. 1/45,»' 1/45," 






0/40«0/32.i«0/3« 




Colon— villous adenoma 


0/160 




Colon — ^lubuloviilous adenonrm 


0/SPo 




Colon— tubular ktenoma 




19/19*» 


Colon— hyperplastic polyp 


O^ieo 




Intestine— leiomyosarobma 




0/1« 


Hepatocellular carcinoma *^ 






Hepatoblastoma 


0/1 w 




Cholanglocardnoma 




46/63« 


Pancreas— adenocardnoma 




2/B0»<^''0/2«^ 


Pancreas— acinar cardnoma 




0/1*^ 


Pancreas— dear cell carcinoma 




0/2*» 


Pancreas— large cell carcinoma . 




0/3*1 


Pancreas— signet ring carcinoma 




0/V^ 


Pancreas— chronic inflammation 




0/14^^p 



■Shown as number of cases with ampliflcaflon (or ovorproducHonyiotal number of cases studied; reference la 
given as superacrlpt All protein studios used Immunohistochemical methods. No studlea analyzed tor o-o/bB- 
2 mRNA. ' '~ 



tissues fixed in Bouin's solution. 

«Oniy cases with distinct membrane staining are interpreted as showing e-ert>M evorproducUon. 
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TABLE 10. c-eftoB*2 ACTIVATION IN HUMAN PULMONARY TUMORS^ 



Tumor Type 


o^^B-2DNA 
Amplification 


c-ef5B-2 
Protein 
Overproduction 


Non-small cell carcinoma 




1/84« 


Epidermoid carcinoma 


0/13,0 0/10,*' (V6» 




Adenocarcinoma 


0/21 ,«2 1/13 » 0/7,?« 0/7 w 0/3'w 


4/12» 


Large celt carcinoma 


0/9no/6»» 




Small cell carcinoma 




O/26,w0/3» 


Carcinoid tumor 


0/l« 


0/3» 



«Shown as number of cases with amplifioation (or overproduction)/lotal number ol cases studied; reference Is 
given as eupeiecrfpL An protein studies used immunohlsloctiemleat methods. No studies snalyzed tor c^B- 
2 nnRNAt 



does not indicate c-erfeB-2 activation in breast neoplasms. « Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto- 
chemical reactivity for c-erbB-2 protein, in addition to the rare case of pancre^ 
atic adenocarcinoma with distinct cell membrane staining.*^ 

Tables 10 through 14 summarize the studies of c-flr6B-2 activation in other 
neoplasms. The crerbB'2 oncogene is not activated in most of these tumors! 
Activation of c-er&B.2 has been detected in 1 percent (4 of 299) of pubnonary 
non-small cell carcinomas in nine studies, although one additional report^ 
found o.er6B-2 protein overproduction in 41 percent (7 of 17). Renal cell carci- 
noma had c-erAB.2 activation in 7 percent (2 of 30) in four studies, Overproduc- 
Hon of c-€r6B-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion." Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain protein, but It is not clear 



TABLE 1 1 . c^^rbB-^2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS* 



7 

Tumor Type 


-c>er<»B-2DNA " 
Ampllfleatlon 


c-ertiB*2 

Over- 
pr6duction 


c-eri)B-2 
Protein 
Over* 
production 


Hematologic malignancies 


0/23^" 






Malignant lymphoma 




Q/V 


0/1 5« 


Acute leukemia 


0/1457 






Acute lymphobiastic leukemia 


0/1 «7 






Acute myeloblaetic leukemia 


0/3W 






Chronic leukemia 


0/19^7 






Chronic lymphocytic leukemia 


0/6«w 






Chronic myelogenoue leukemia 


0/8»«7 






Myeloproliferative disorder 









•Shown as number of cases wilh amplification (or overproduction)/total number of oases studied; refwenoe ts 
aiven as supersertpl. All protein studies used Immunohistochemlcal methods. 
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TABLE 12. c-«-bB-2 ACTTVATtON IN HUMAN TUMORS OF SOPT TISSUE AND BONE' 





c-efbB-2 ONA 


TUmorType 


Amplification 


Sarcoma 


0/10,^^' 0/8W 


Malignant fibrous histiocytoma 


0/1 w 


Uposarcoma 




Pleomorphic sarcoma 


0/110T 


Rhabdomyosarcoma 


0/1107 


Osteogenlo sarcoma 




Chor\drosarcoma 




Ewing's sarcoma 


Q/1» 


Schwannoma 


Q/1W 



■Shown as number of cases with ampllficallon (or overproductionVtotal number of cases studied; reference Is 
given as superscript No studies analyzed for c>e/bB*2 mRNA or c*erbB-2 pmtetn. 



whether the protein level is increased over that of normal skiii." Thyroid 
carcinomas and adenomas can have low levels of increased c-ertB-2 mRNA. 
One abstract, described low-level oerbB-Z DNA amplification in one of ten 
salivary gland pleomorphic adenomas.^ 

Correlation of c-erl)B-2 Activation With Patient Outcome 

Very few studies have attempted to correlate activation in non- 

mammary tumors with outcome. Slamon et al" showed that c-erbB-2 amplifica* 
tion or overexpression in ovarian carcinomas correlates with decreased survival, 
especially when marked activation is present. However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a conelation between 
decreased survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade. i» One abstract stated that protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-f^ee interval.™ Another afesb[acJtL.described-atendeft^^^ immunohisto- 



TABLE13. c-erbB-2 ACTIVATION IN HUMAN TUMORS OF THE UBINARY TRACT- 



Tumor Type 


c^rbB-2 DNA 

Ampliflcailon 


o^bB-2 
mRNA 
Over* 
production 


c-erbB-2 
Protein 
Over- 
production 


Kidney— renai cell carcinoma 


1/5,67 1/4,107 0/5W 


0/1 6^ w 




Wilms' tumor 


0/467 






Prostate— adenocarcinoma 






0/2358 


Urinary biadder^-cardnoma 






1/48" 



•Shown as number of cases with amptlflcBllon (or ove;produolion)/tolal number of cases studied; reference Is 
given as superscript. AH piolefn studies used Immunohtstochemtcal methods. 
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TABLE 14. c-efM^g ACTIVATION IN MISCELUNEOUS HUMAN TUMORS- 



Tumor Type 



Skin— malignant melanoma 
Skin, head and neck — squamous 
cell carcinoma 

Site not stated — squamous ceil 
carcinoma 

Salivary gland— adenocarcinoma 
Parotid gland— adenoid cystic 
carcinoma 

- Thyroid— anaplastic carcinoma 
Thyroid— papilla^ carcinoma 
Thyroid— Adenocarcinoma 
Thyroid— adenoma 
Neuroblastoma 
Meningioma 



DNA 
AmplifleaHon 



0/7i« 



0/B»0/2'» 



1/1 



0/V 
0/5^ 

0/2^ 

0/35 WQ^g.ff^ 0/1 w 
0/2^ 



o-erjbB»2 
Protein 

c^rtB-Z mRNA Over* 
Overproduction production 



0/11 " 
3(iow leveIs)/5^ 

1(lowlevel8)/2« 



0/1 0« 



0/161 



2^1^n«I!X'A^ (oroverprcxHictlon)/totaI numt«r of cases studied: refe«noe to 

given as suparecript All protein studies used Immunohlstochemtoat melhods. 



cLemica] reacbvity for oer6B-2 protein to correlate with higher ^des of pros- 
tabc adenocarcinoma.^ Additional prognostic studies of ovarian carcinomas arid 
otlier neoplasms are needed. 



SUMMARY 



Acbyation of the oncogene can occur by amplification of c^eriB-2 

DNA and by overproduction of cser&B.2 mRNA andb^fcB-2 protein. Appnixi- 
mately 2Q percent of breast carcinomas shovf. eyidence of ^-erfoB-:2 detivation 
which correlates with a poor prognosis primarily in patients with metastasis to 
axillary lymph nodes. Studies that have attempted to correlate c.«r6B-2 activa- 
tion widi other prognostic factors in breast carcinoma have reported conflicting 
conclusions. The pathologic and chnical significance of c-erfeB.2 activation in 
other neoplasms is unclear and should be assessed by additional studies 



REFEFIENCES 

1. Aasland R, LiUehaug JR, Male R. et al. Expression of oncogenes in thyroid tumors: 
t^oexpression of c-erbBTJneu and o-erfcB. Br / Cancer, 57:358, 1988 

2. A^yama T. Sudo C, Ogawara H, et al. Ihe product of the human gene: A 
186-kilodalton glycoprotein with tyrosine kinase activity. Science, 232:1644, 1986 



XO TAA OXU £V0 OytX 

o 



o 



6«ri>B-20NCOQENE 185 



3. All lU. Lidereau H, Thefflet C. Callahan R. Reduction to homozygosity of genes on 
chromosome 11 In human breast neoplasia. Science. 238:185, 1987 

4. All lU. Campbell G. Udereau R, Callahan K AmplificatJon of 0^8-2 and anres: 
sive liuman breast tumors, Science. 240:1705, 1988 

5. All lU. CampbeU G, Udereau R, Callahan R. Lack of evidence for the prognostic 
?.ST?p^ ^^^^ ampllflcatioD in human breast caroinoma. Oncogene Bes. 

°" ?>M? ^' ^^"^ MF, HER-2/ncB oncogene expression and 

UNA ploidy analysis in breast cancer. An* RitAoiLflfcMwI. 114:164 1990 

7. Baajs SS. Ruby SG. Weinberg DS. et al. HER.2/neu oncogene i^ression and 
proliterahon m breast cancers. Am / PathoL 137.103, 1990 

8. Bargmann CI. Hung MC. Weinberg RA. Hie neu oncogene encodes an epidermal 
growtli factor receptor-related protein. Nature. 310:226. 1986 

0: Bargmann a. Hung MC. Weinberg RA. Multiple independeht activations of die 
neu oncogene' bj^a {>oint mutation altering the tnmsmembnml domain of pl85.' 
IjbIL 45:649, 1986 

lb. Bargmann CI, Weinberg RA. Oncogenic activation of the ii«u-encoded receptor 
protein by point mutation and deletion. EMBO J. 7iU)43, 1988 

11. Barn^ DM, Lammie GA, MiUis RR, et al. An immmohistochemical evaluation of 
c-er6B-2 expression in human breast carcinoma. Br / Cancer. 58:448 1088 

12. Berchuck A, Kamel A, Whitaker R. et al. Overexpression of HER-S/rieu is associated 
with poor survival in advanced epithelial ovarian cancer. Cancer Res. 50:4087. 1090 

13. Berger MS, Locher GW» Saurcr S, etal. Correlation of c-erbB-2gene amplification 
and protein expression in human breast carcinoma with nodal status and nuclear 
grading. CflnccrHej. 48:1238, 1988 

14. Bernards R. Destree A. McKenzie S. et al. EffecUve tumor iromunotfierapy di- 
reeled against an oncogene-encoded product using a vaccinia vims vector, ftnc Nad 
Acad Sci USA. 84:6854, im «r "hciyou 

15. Biunno I, Pozzi MR, Pierotti MA. et al. Structure and expression of oncogenes in 
surgical specimens of human breast carcinomas. Br J Cancer. 57:464 1988 

16. Borg A. Unell F. Idvafl I, et al. Her2/neu amplification and comedo type breast 
carcinoma. Lancet. 1:1268, 1989 

17. Borg A. Tendon AK, Sigurdsson H, et al. HER-2/neu amplification predicU poor 
survival in node-positive breast cancer. Cancer Res. 60:4332, 1990 

18. Bouchqrd h. Lamarre L, TVemblay PJ, .Jolicoeur R Stochastic aKiyanWoc of mam- 
mwry tumors in traasgenic mice carrying the MMlY/c-ne« oncogene. Cell. 57:931, 
1 9o9 . 

19. Carney WP, RetosC, PeUtD, etal. Quantitation of the neu oncogene protein using 

^"^^ ^^^^^^ ^^^^ immunoassay (abstract). Mod PathoL 3:15A, 1990 

20. Clme M J. Battilora H. Abnormalities of protooncogenes in non-small cell lung cancer: 

^^^^^ clinical characteristics. Cancer, 60;2669, 1987 

21. Cline MJ, Battifora H/Yokola j. Proto-oncogene abnonnaUUes in human breast 
cancer: Correlations with anatomic features and clinical course of disease, f Clin 
Oncol 5:999, 1987 

22. Cohen JA, Weiner DB, More KF. et al. Expression pattern of the neu (NGL) gene- 
encoded growth factor receptor protein (pl85'»«) in normal and transformed epithe- 
iial tissues of the digestive tract. Oncogene. 4:81, 1989. 

23. Colnaghi MI, MiotU S. Andreola S, et al. New prognostic factors in breast cancer 
(abstract). Am Assoc Cancer Be$ Ann Meeting, 30t230A, 1989 



•ii£/ufc»/iuuo xYiiy tAX mo zob 5a7i iNFO 6 

o o 



186 T.P. SINGLETON AND J.Q.STRICKLER 

24. CousMsns L. Yang-Feng TL. Liao YC, et al. Tyrosine kinase wsceptor with extensive 
homolo£ to EGF receptor shares chtomosomal location with neu oncogene. Sri- 
ence. 230:1132, 1985 

25. Dl Flore PP Pierce JH, Kmis MH. et al. eriB-2 is a potent oncogene when 
overeicpressed in NIH/3T3 cells. Science. 237:178. 1987 

26. Drebin JA. Unk VC, Weinberg RA. Greene ML InhlbiUon of tumor growth by a 
monoclonal antibody reacUve with an oncogene-eiusoded tumor antigen. Proc Atorf 
Acod Sci USA. 83:9129, 1986 ruoaaa 

27. Drebin JA, Link VC, Greene MI. Monoclonal antibodies reacUve with distinct 
domains of the neu oncogene-encoded pl85 molecule exert synergistic anti-tumor 
effects in vivo. Oncogene. 2:273, 1988 

28. Drebin JA, Link VC, Greene MI. Monoclonal antibodies specific for the ne» 

P'"*'"*'* ^^^'^y mediate anti-tumor efiects in vivo. Oncogene. 2:387 

29. Falck VG, GuUick oncogene product staining in gastrte ad^nBcarci- 
noma. An Immunobistocheniical studyi J PaihoL 159:107, 1989 

30. Fendly BM. Winget M, Hudziak RM. et al. Characterization of murine monoclonal 
antibodies reactive to either the human epidennal growth factor receptor or HER2/ 
neu gene product. Cancer Res. 50:1550, 1990 

31. FontaineJ Tesseraux M, Klein V, et al. Gene amplification and expre^ision of the 
neu (o-erfeB-2) sequence in human mammary carcinoma. Oncology. 45:360, 1988 

32. Frye RA Benz CC. Liu E. Detection of amplified oncogenes by differential poly- 
merase chain reaction. Oncogene. 4;1153, 1989 

33. Fukushige SI. Matsubam KI, Yoshida M. et al. Localization of a novel y^erbB^ 
related gene. c-crbB.2, on human chromosome 17 and its amplification in a gastric 
cancer cell hne. Wol Cell Biol 6;955. 1986 

34. Guerin M. Barrois M. Terrier MJ. et al Overexpression of either o-myc or c-erfcB-2/ 
neu proto^ncogenes in human breast carcinomas: CorrelaUon with poor nrocnosis 
Oncogene Res. 3:21, 1988 *- i e 

35. Guerin M. GabiBot M, Mathieu MC, et al. Structure and expression of c-erfcB.2 and 
EGF receptor genes in Inflammatory and non-inilammatory breast cancer; Prognos- 
tic significance. IntJ Cancen 43:201. 1989 

36. Gufiick VVJ. Berger MS. Bennett PLP. et al. Expression of die c.er&B-2 protein in 
normal and transfiarmed celb. Ini J Cancer. 40:246. 1987 

37. Gullick WJ. Venter DJ, The c^riB2 gene and it^ expression in human o&x^rsyi^ 
Wawnan J. Sikora K, eds. The MoUcular Biology of Cancer Boston. Blackwell Sd 
Publ; 1989: 38-53 

38. Gullick WJ. Expression of the c-«rfcB-2 proto-oncogene protein in human breast 
cancer. Recent Results Cancer Res. 113:51. 1989 

39. Gusterson BA. Machin LG, Gullick WJ. et al. c-6rfcB-2 expression in benign and 
malignant breast disease. Br J Cancer. 58:453, 1988 

40. Gusterson BA, Machin LG. Gullick WJ. et al ImTnunohistochemical distribution of 
cs-erbB-2 in Infihrating and in situ breast cancer. Int J Cancer. 42:842. 1988 

41. Hall PA, Hughes CM, Staddon SL. et al The c-«rbB.2 proto-oncogene in human 
pancreatic cancer* / Pathol. 161:196, 1990 

42. Hanna W, Kahn HJ, Andnilis 1, Pawson T. DistribuUon and patterns of staining of 
neu oncogene product in benign and malignant breast diseases. Jfod PathoL 3*455 
1990 

43. Harris AL, Nicholson S. Epidermal growth factor receptors in human breast cancer. 



c-ef/>B-2 ONCOGENE 187 

Boston, Kluwer Academic Publ; 1088: 93-118 
^' KO Rogers LA, Howard PL. Amplification of the c-criB-2 

?SS of breast adenocarclDoma. Arch Pathol Lab Med. I1T16O, 

^" S ov^i»^^7'^^'?*^''"f Q«««aficationofthe„.„oncogeneproduct 
in ovarian neoplasms (abstract). Mod pBfAoi: 3-.46A, 1990 P «»ucc 

S'J!!! 1?" Zh""* X. Amplification of the proto-n^u oncogene facilitates 
^oogenic achvation by a single point mutation. Prvc Nad Acad Sd USA, 

47. Hyncs NE. Gerbcr HA, Saurcr S. Gronor B. Overe«pressfon of the pro- 
aft V r '"i*""!?" t«™or cell lines. / CeU Biochem. 39.167. 1989 

^JSi?T ^* ^' '^^"'^ ^''P^*'"'"'^ amphflcation of n«, 
onco^e in pleomorphic^ngma of sabvary glands (absb«^^^^ 

49. King CR. Kraus MH, Aaronson SA. Amplification of a novel v-er^B-relaled gene In 
a 'iunian mammary carcinoma. Science. 229:974 1985 

?Jr hSa i^r*" ^' WO"* "Pression of erfeB-2 messen- 

gcr UNA in human breast cancer. Concw Res. 49:4185, 1989 

^' Phospborylaaun process induced by epider- 

mal growth factor receptor altera the oncogenic and ceDular neu (NCL) genep^- 
ucts. Proc Natl Acad Sd USA, 85:5389. 1988 

lirS ? '^^^ Overexpression of erfeB-2 or EGF 

«»«pter proteins present In early stage mammary carcinoma is detected simulta- 
53 iTu t . f "^eional metastases. Oncogene. 4:145, 1989 

muTatJs i^ * Absence of acUvating transmembrane 

S? iL fa human breast cancer. Oncogene. 

54. L^ato RF. Maguire HC. Greene MJ. et al. immunohlstochemical evaluation of 
1 • f !l~f °® e Wsion in ductal carcinoma in situ ond atypical ductal hyper- 
plasia of the breast. Mod Pathol. 3:449. 1990 ^ 

S' uZt^ »r ^''"'L^o- ?! '"^ (o-«-i'B-2)oncogene. SenanOncoL 16:148. 1989 

^^^''^i^ Dl^butionofne«{c-«riB-2)protelnin 
human skin, y Inowt Dermatol 89:786, 1989 /i««««nm 

57.. Masuda H, Battiftra H. Yokota J, et al. Specificil^of proto-oncogene amplKTcaibr 
inhuman malignant diseases. MolBto/Me<i 4:213. 1987 P™«aon 

nr£" V' ^T"" oncoprotein expression in 

primary human tumors. Cancer 65:88 1990 i' in 

JlfarT.if^i""'" 'i' ^ Generation and chanicteriration of mono- 

tZt S9 ""^ P"'^"'^*' Oncogene. 

^' Jf^lS^/^i ^'V'""" P~t«oncogene abnomalities in colon 

HoTi' ^"o" ^' ^'"^'1"" ^' ^1*' """^ microscopical demonslra- 

?Sftt;t5;Vri:r^^^^^^^^^^ immunoreactivity in hum^ maUgnant tumora. 

^im™ • f T, YT*^" ^' P'-°<l"'-t' a iS«fbra„e pn>tein 

commonly expressed in human fetal epithelial cells, Lab Invest. 61:93. 1989 
63. Muller WJ, Sim, E, Pattengale PK. el al. Single-step Induction of mammary 



X£/U:^/^UllO tAA OIU ^Ud 0»Yi 

o 



o 



188 TP. BINGLETON AND J.Q. STRICKLErt 

adenocarcinoma in transgenic mice bearing the acUvated c-neti oncogene. Cell. 
54:105, 1988 

64. Ong G, Gullidc W, Sikora K. Oncoprotein stability after tumor resecUon. Br J 
Canc&r. 61:538, 1990 

65. Parka HC, LUlycrop Howell A, Craig RK. G^fcB2 mRNA expression in human 
breast tumors: Comparison with c-erfeB2 DNA amplification and correlation wldi 
prognosis. Br J Cancer 61:39, 1990 

66. Popescu NC, King OR, Kraus MH. Localization of the gene on normal and 
rearranged chromosomes 17 to bands ql2-21.32. Genomics, 4:362, 1989 

67. Press MF, Pike MC, Paterson MC, et al. Overexpression of HER^2/neu. proto- 
oncogene in node negative breast cancer: Correlation with increased risk of early 
recurrent disease (abstract). Mod Pathol 3:80A. 1990 

68» Ramachandra S, Machin L, Ashley S, et al. Immunohistochemlcal distribution of c- 
erbB'Z in In situ breast carcinoma: A detailed morphological analysis. / FathoL 
161:7,1990 - « - / y irc«r»g*.^, 

69. Rio MC, BeHooq JP, Gairard 6, et al. Specific expression of the pS2 gene in 
subclasses of breast cancers in comparison with expression of the estrogen and 
progesterone receptors and the oncogene ERBB2. Proc Natl Acad Sci USA. 84:9243 
1987 

70. Robinson R, Kem J, Weiner D, et al. pl85'«« expression in human lung non-smafl 
cell carcinomas: An immunohistochemical study with dinicopathologic correlation 
(abstract). Mod Pathol 3:85A^ 1990 

71. Rochlitz CF, Benz CC. Oncogenes in human solid tumors. In; Benz C, Liu E, eds. 
Oncogenes, Boston, Kluwer Academic Pabl; 1989: 199-240 ' 

72. Sasano H, Garret CT, WUkinson DS. et al, Protooncogene amplification and tumor 
ploidy in human ovarian neoplasms. Hum PathoL 21:382, 1990 

73. Schecbter AL, Stem DF. Vaidyanathan L, et al The neu oncogene: An erfc-B- 
related gene encoding a 185,000-Af, tumor antigen. Nari/re. 312:513, 1984 

74. Schechter AL, Hung MC, Vaidyanathan L, et al The neu gene: An erfcB- 
homologous gene distinct fi^om and unlinked to the gene encoding the EGF recep- 
tor. Science, 229:976. 1985 

75. Schneider PM. Hung MC, Chiocca SM, et al. Differential expression of the o^AB- 
2 gene in human small cell and non-small cell lung canoen Cancer Res, 49:4968 
1989 * 

76. Semba K, Kamata N, •B)yoshima YamamotoX A v-erfcB-related.pwtooncogene? 
c-eriB-2, is distinct from the c-erAB-l/epidermal growth factor-receptor gene and is 
amplified in a human salivary gland adefnucarcinoma. Prtw; Nail Acad Sd USA. 
82:6497, 1985 

77. Seshadri R, Matthews C, Dobrovic A. Horsfall DJ. The significance of oncogene 
amplification in primary breast cancer. Int J Cancer. 43:270, 1989 

78. Shih C, Padhy LC, Murray M, Weinberg RA. TVansfonning genes of carcinomas 
and neuroblastomas introduced into mouse fibroblasts. Nature. 290:261> 1981 

70. Slamon DJ, Clark GM, Wong SG. et al Human breast cancer: Correlation of 
relapse and survival with amplification of the HER-2lneu oncogene. Science 
235:177, 1987 

80. Slamon DJ, Clark GM. Amplification of c-criB-2 and aggressive human breast 
tumors. Science. 240:1795. 1988 ..... 

81. Slamon DJ. Godolphin W, Jones LA, et al Studies of the HER^2/neu proto- 
oncogene in human breast and ovarian cancer. Science. 244:707, 1089 



. xci/ vs^' «ut/o . X < . TAA oxu £uo otf/x il^ru O 

o o 



1^026 



o«l)B>20NC06ENB 189 

82. Slebos RJC. Evers SG, Wagenaar SS. Hodenhuls S. Cellular protooncogenes are 
infrequently amplified in untreated non-<DuIl ceU lung cancer. Br J Cancer. 59:76, 

83. Stern DF. Kamps MP. Cao H. Oncogenic acHvation of pl85"« stimulates tyrosine 
phosphorylation in vivo. M61 Cell Biol, 8:3969, 1988 

84. la M. Wetzler M. Josefberg Z, et al. Sporadic ampliflctttion of the HER2/neu 
protooncogene in adenocarcinomas of various tissues. Cancer Res. 48:1517 1988 

85. Tandon AK Clark GM, Chamness CC. et al HER^2/neu oncogene protein and 
prognosis in breast cancer. / Clin OncoL 7:1120, 1989 

86. Thor AD. Schwartz LH, Koemer FC, et al. Analysis of c-erfeB^2 expression in 
breast carcinomas with clinical follow-up. Cancer Res. 49:7147, 1989 

87. Tsuda H, Hirohashi S, Shlmosato Y. et al. Correlation between long-tenn survival in 
breast cancer patients and amplification of two putaHve oncogene^amplification 
umts; and c-tfrfcB-2/eflr.l. Cancer Res. 49:3104, 1989 

88. •Rutsumi Yv Naber SI> DeLeHis ^^^et d/Neu oncogene protein and epidermal 
growth factor receptor are Independently expressed in benign and malignant breasl 
Ussnes. Hum Pathol 21:750, 1990 

89. Tsutenmi Y, Stork PJ. Wolfe Hj. Detection of DNA amplification and mRNA 
overexpresslon of the neti oncogene In breast carcinomas by polymerase chain reac- 
tion (abstract). Mod Pathol 3:101A, 1990 

90. de Vijver M, van de Bersselaar R, Devilee P. et al. Amplification of the neu (c- 

oncogene in human mammary tumors is relatively fi^quent and is often 
accompanied by amplification of the linked cerhA oncogene. Mol Cell Biol 7:2019, 
1987 

91. Van de Vijver MJ, Mooi WJ, Wisman P, et al. Immunbhistoc^eniical detection of the 
neu protein in tissue sections of human breast tumors with amplified neu DNA 
Oncogene, 2:175, 1988 

92. Van de Vijver MJ, Peterse JL, Mooi WJ. et al. Nett-prolein overexprcssion in breast 
cancer: Association with comedo-type ductal carcinoma in situ and limited prognos- 
tic value in stage 11 breast cancer. N Engl J Med. 319:1239, 1988 

93. Varley JM, SwaUow JE, Brammar WJ. et al. Alterations to either c-erfcB-2 {neu) or c- 
myc proto-oncogenes in breast carcinomas oorrekte with poor short-term proanosis. 
Oncogene. 1:423. 1987 ^ ^ 

94. Venter DJ. T\i2i NL, Kumar S. Gullick WJ. Overexprcssion of the c^rhB.2 
oncoprotein in human fa'ea^t carcinomas; Immunohistotegical assessment correlates 
wltib gene amplification. Lancet 2:69, 1987 - . 

95. Voravud N, Foster CS. Gilbertson JA. et al. Oncogene expression in cholangiocarci. 
noma and in normal hepatic development. Hum Pathol 20:1163, 1989 

98. Walker RA, Senior FV, Jones JL. et al. An immunohistochemical and in situ hybrid- 
ization study of c^yc and c-er6B-2 expression in primary human breast caitsinomas. 
J Pathol 158:97, 1989 

97. Ware JL, Maygarden SJ. Koontz WW. Strom SC. Dlfierentlal reactivity with anti-c- 
erAB^2 antiserum among human malignant and benign prostatic tissue (abstract). 
Am Assoc Cancer Res Ann Meeting, 30:437A, 1989 

98. Weiner DB, Liu J, Cohen JA, et al A point mutation in the neu oncogene mimics 
ugand induction of receptor aggregation. Nature. 339:230, 1989 

99. Weiner DB. Nordberg J. Robinson R. et al. Expression of the new gene-encoded 
protein (pies'***) in human non-small cell carcinomas of the lung. Cancer Res 
60:421, 1990 



•12/09/2003 17:21 FAi 310 208 5971 



INFO 6 



1 



o 



o 



190 T.P. SINGLETON AND J.Q.STRICKLER 

100. Wells A. Hie epidermal growth factor receptor and its ligand. In: Benz C, Liu E, 
eds. Oncogenes. Boston, Kluwer Academic Pub; 1989: 143-168 

101. Wright C. Angus B. Nicholson S, et al. Expression of c-crfeB-2 oncoprotein: A 
prognostic Indicator in human breast cancer. Cancer Rea, 49:2087, 1989 

102. Wii A, Colombero A, Low J, et al. Analysis of expression and mutaUon of the erbB- 
2 gene in breast carcinoma by the polymerase chain reaction (abstract). Mod 
Pathol 3:108A, 1990 

103. Yamamoto T, Ikawa S, Alciyama T, et al. Similarity of protein encoded by the 
human c*0rlrB-2 gene to epidermal growth factor receptor. Nature, 319;230» 1986 

104. Yao M. Shuin T, Misaki H, Kubota Y. Enhanced expression of c-mj/c and epidermal 
growth factor receptor (C-cr/^B-1) genes in primary human renal cancer. Cancer 
Rejt. 48:6753. 1988 

105. Yarden Y, Weinberg RA, Experimental approaches to hypothetical hormones: De- 
tection of a candidate ligand of the neu protooncogene. Free Nad Acad Sci USA, 
86:3179,1989 ' - ->5^ .p- - - 

lOfi. Ycc LD, KacJnskI BM, Carter D. Oncogene structure^ ftmction and expression in 
breast cancer. Semin Diagn Faihol 6:110, 1989 

107. Yolcota J, Yamainoto T. Toyoshima K, et al. Amplification of c-er6B-2 oncogene in 
human adenocarcinomas in vivo. Lancet. l!765» 1986 

108. Yokota J, Yamamoto T, Miyajiroa N, et al. Genetic alterations of the c-erbB-Z 
oncpgene occur frequently in tubular adenocarcinoma of the stomach and are often 
accompanied by amplification of the v-erbA homologue. Oncogetve, 2:283, 1988 

109. Zeillinger R, Kury F, Czerwenka K, et al. UER-2 amplification, steroid njccptors 
and epidermal growth fiictor receptor in primary breast cancer. Oncasene. 4;109» 
1989 

110. Zhang X, Silva E, Gershenson D, Hung MC. Arapliiication and rearrangement of 
c-erbB proto-oncogenes in cancer of human female genial tract. Oncogene. 4:985, 



111. aou D, Battifora H, Yokota J» et al. Association of inultiple copies rf Ae c-er&B-2 
oncogene with spread of breast cancer. Cancer Res. 47:6123, 1987 

112. Ziiou D, Gonzalez-Cadavid N, Ahuja H, et al. A unique pattern of proto-oncogene 
abnormalities in ovarian adenocarcinomas. Cancer, 62:1573. 1988 

113. Zhou D, AhuJa H, Cline MJ. Froto-onoogene abnormalities in human breast can- 
cer: C76r&B-2 amplification does not correlate with recuirence of disease. Onco- 
gene. 4:ia*), 1989 c ^ 



1989 




Exhibit 2 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant : Eaton, etal. 

AppLNo. : 10/063,557 

Filed : May 2, 2002 

For : SECRETED AND 

TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC 
ACIDS ENCODING THE SAME 

David J. Blanchard 

1642 



PATENT 



Examiner 
Group Art Unit 



DECLARATION OF J. CHRISTOPHER GRIMALDL UNDER 37 C>RR. § 1,132 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 



I, J. Christopher Grimaldi, declare and say as follows: 
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Genentech, Inc., South San Francisco, CA 94080. 
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membrane associated proteins which can be used as targets for antibody therapeutics against 
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4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA, In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton e/^ a/., Pathol. Annu, > 27Ptl: 165-1 90], or chromosomal translocations such as t(5;14), 
[Grimaldi et aL. Blood . 73(8):2081-2085(1989); Meeker et al. Blood . 76(2):285-289(1990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well av^are that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is imder-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PGR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If .this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which arc 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or imder-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide jiot to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 

W /^"^^ Date: ^1 /^K^M 

Christopher Grimaldi 
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DECLARATION OF PAUL PQLAKIS, Ph.D, 
I, Paul Polakis, Ph,D., declare and say as follows: , 

1. ^was awarded a Ph.D. by the Department of Biochemistry of the Michig^ 
State Umversity in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job titie is Staff 
Scientist. S ince joining Genentech in 1999, one of my primary responsibilities has 
been leadmg Genentech's Tumor Antigen Project, which is a large research project 
with a priinary foCiis on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins, that are abundantly expressed 
on certain tumor cells and that are either (i) not exjjiessed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins", When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment Of human cancer. 

4. In the course ofthe research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microairay analysis 
which has proven to be extremely usefiil for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell fype relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in cori-esponding normal human cells. To date, we 
have generated antibodies that bind to about 30 ofthe tumor antigen/ proteins ' 
expressed from these differentially expressed gene transcripts and have used these 

antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein ex^)ression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular ttiRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their correspoiiding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a sirhilar increase in abiindance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels tare predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood generlEd rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statetnents made herein of my own knowledge are 
true and tiiat all statements inade on information or belieif are believed to be true, 
arid further that these statements were made with the knowledge that willful &lse 
statements and the like so made are purpshable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willflil 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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HER-2/iieu Breast Cancer Predictive Testing 



Julie Sanford Hanna, Ph,D. and Dqti Mornin, M.D. 



Each YEAR, over. 182,000 women in the UnitecJ Stateis are 
diagnosed with breast cancer, and approximately 45,000 die 
of the diseased Incidence appears to be increasing in the 
United Sftates at a rate of rou^ly 2% per year The reasons 
for the increase are unclear, but non-genetic.risk factors appear 
to play a large role.2 

Five-year survival rates range from approximately 65%- 
85%, depending on demographic group, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most predic- 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most node-positive women are given adju^ 
vant therapy, which increases their surviyaL However, 20%- 
30% of patients without axillary node involvement also 
develop recurrent idisease,^ and the difficulty Kes in how to iden- 
tify this high-risk subset of patients, These patients could 
benefit from increased surveillance, early intervention, aiid 
treatment 

Prognostic markers currently used in breast cancer recur- 
rence prediction include turner size, histological grade, steroid 
honfnone receptor status, DKA^ ploidy, proliferative index, and 
cathepsin D status. Expression of growth fector receptors and 
over-expression of the HER-2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
iprognosis. . 

HE&^2/neu (al^o known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprb&in that is homologous 
to, but distinct from, the epidennal growth factor receptor. 
Numerous studies , have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene ha^ been shown to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%-60% oif intraductal breast carcinoma.^ 

There are two distinct FDA-approyed niethods by which 
HER-2/neu status can be evaluated: immunohistochemistry 
(IHC, HercepTcstTM) and FISH (fluorescent in situ hybridiza- 
tion, PathVysion™ Kit), Both methods can be performed on 
archived and current specimen^, the firet meAod allows visual 
assessment of the amount of HER-2/neu protein present on 
the cell membrane. The latter method allows direct quantilR- 
cation of the level of gene amplification present in the tumor, 
enabling differentiation between low- versus high-amplifica- 
tidh. At least one study has demonstrated a difference in 



recurrence risk in women younger than 40 years of age for 
low- versus high-amplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 1 6,7% for 
patients with no HER-2/neu gene amplification.^ HBR-2/nett 
status may be paniculariy important to establi^ in women with 
small (^ 1 cm) tumor size. 

The choice of methodology for determination of HER-2/ 
neu status depends in part on the clinical setting. FDA approval 
fo^rtfae Vysis FISH test was granted based on clinical frials 
involving 1 549 node-positive patients. Patients received one 
of three aifferent treatments consisting of different closes pf 
' cyclopho^hamide, Adriamycin, and 5-fluorouracil (CAF). 
The study showed that patients with amplified HElt-2/neu 
benefrted from treaUnent with higher doses pf .adriamycin- 
based therapy, while those with normal HER-2/neu levels did 
not; The study therefore identified a sub-set of women, who 
because they did not benefit from more aggressive treatment, 
did not need to be exposed to the associated. side effects. In 
addition, other evidence indicates that HER-2/neu amplifica- 
tion ill node-negative patients can be used as an independent 
prognostic indicator for early recurrence, recunrent disease at 
any time and disease-related death.^ Demonstration of HER- 
2/neu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage-2 
breast canber patients. ^ 

Selection of patients for Herceptin^ (Trastuzuniab) mono- 
clonal antibody therapy, however, is based upon demon$£ra^ 
tion of HER-2^eu protein overexpression using HercepTesf"^. 
Studies using Herceptin^ in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeuttc agents and a small 
increase in overall survival rate. The FISH assays have not yet 
been approved for this purpose, and studies looking' at response 
to Herceptin^ in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well. However, 
subsets of tumors are found which show discordant results; 
i.e., protein overexpression without gene amplification or lack 
of ptotein oyerexpressicn with gene amplification. The clini* 
cal significance of such results is unclear. Based on the above 
considerations, HER-2/neu testing at SHMC/PAML will utiV 
lize immunohistochemistry (HercepTest^ as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, either 
method may be ordered individually depending on the clini- 
cal setting clinician preference. 
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HER-2/neuviaIHC 

88342 (including inteipretive report) ^ 

HER-2/neiivlanSH 3 

88271 x2 Molecular cytogenetics, DNA probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 
ization, ansilyze 25-99 cells ^ 
88291. (Oogenetics and molecular cytogenetics, interpret 

tation an4 report j 

Procedural Information 

Immunohistochemistry is performed using the FDA-approved 
i)AKO antibody kit, Herccptcst^*. The DAKO kit contains 
reagents required to complete a two-step inimunohisto- 
cheihical staining procedure forroutinely processed, paraffin- 
embedded sp^ciinens..Following mcubation with the primary 
rabbit antibody to human H^-2/nea protein, the kit employs 
a rcady-to-i>se dextran-based visualization reagent. This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
conomon dextran polymer backbone, thus eliminating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion of the subse- . 
quently added chrOmogen results in formation of visible 
reaction product at the antigen site. The specimen is then coun* 
terstained; a pathologist using light-microscopy inteiprets . 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved PathVysion™ HER-2/neu DNA probe kit, pro- 
duced by Vysis, Inc. Formalin fixed, paraffin-embedded breast 
tissue is preceded using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section, the Pathvysion''^ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 1 7, .Spectrum orange) present at . 
the chromospmc-W^iCentBcunere and the second for the HER- 
2/neu oncogene located at 17ql 1 .2-12 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of cliromosome ] 7 to the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction Is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homologues normally present or an increase in the number of 
chromosome 17s iii the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed ^nd reported from the Vysis-certified Cytogenet- 
ics laboratoiy at SHMC. 
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